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PLE

Background & Landscape
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What is PLE?

Product Line Engineering (PLE) Is a strategic
approach to developing a family of related
products, leveraging their commonalities while
managing their differences to improve efficiency,
reduce-costs, and enhance quality.
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A320 Example
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Variability in Need

] Do

FIRST CLASS + 169 ECONOMY = 185 SEATS | | SEAT PITCHES: FIRST 0.91 m (36 in)

320

(problem domain)

ECONOMY 0.81/0.79 m (32/31 in)

3]
BBl =

A319

WITH AN MTOW OF 77 tons (170 000 Ibs), THE A320 HAS A RANGE OF
3600 Nm AS SHOWN ABOVE.

- FOR THE A318, WITH AN MTOW OF 66 tons (145 500 Ibs), IT IS 3900 Nm

- FOR THE A319, WITH AN MTOW OF 68 tons (150 000 Ibs), IT IS 4200 Nm.
- FOR THE A321, WITH AN MTOW OF 83 tons (183 000 Ibs), IT IS 3100 Nm.

[12 FirsT cLASS + 138 ECONOMY = 150 SEATS | | SEAT PITCHES: FIRST 0.91 m (36 in)

ECONOMY 0.81 m (32 in)

I

Py

MTOW: Maximum Take-Off Weight

| 8 FIRST CLASS + 116 ECONOMY = 124 SEATS | | SEAT PITCHES: FIRST 0.91 m (36 in)

ECONOMY 0.81 m (32in)

https://training.eqyptair.com/Maintenance/A320Family
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Industry Examples

variable

variable uniforn variable variable

VW MLB Platform

https://www.volkswagen-newsroom.com/en/press-releases/modular-toolKitsstrateqy-as-
recipe-for-success-the-mgb-celebrates-tenth-anniversary-8030
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Why Platform Engineering?

1. Cost Reduction Componens and Efficiency in
' Tesla's Major Recall Shows the
Benefits of Software-Defined
ST  ocooen o e Vehicles

James Falkiner Dec 16, 2023

esla's recent recall could have cost it billions
- of dollars, but instead, an over-the-air software

= - update was all that was required to fix an
gllissue affecting over 2 million vehicles|

3. Improved

) N Enhanced Testing
Quality and Standardization and Validation

Consistency

Traditionally, a mass recall would require every

4. Increased

Flexibility and Maxgggrr%tent Ssglilt?g:]i vehicle to be returned to a repair shop to be
Customization fixed at a significant cost to the automaker.
Even a software issue, such as a safety issue with a battery management
system, can require a recall.
5. Strategic
Advantage and Market

Competitive Edge

Market Responsiveness

Competitiveness

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 9



Background Research

NOIGH

This Issue's Feature:
Feature-based Systems and Software Product Line Engineering in Context

Product Line Engineering: A Primer

Feature-based Product Line
Engineering lets you build
your product line portfolio as

a single production system

rather than a multitude of s
ﬂbﬁn’e"z’.’ /ISSUE 1 3 ‘)“*\‘-
individual products. e
INCOSE
APUBLICATION OF THE INTERNATIONAL COUNCIL ON SYSTEMS ENGINEERING TEar,
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Background Work
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Governing Board 9 P ty Feature Catalog "F e St
.G Model and o o

Businecs Modsl 3. Prioritize Component Modularization E E
Architecture Change Analyze total fuctionality '

Control Board ) 4. Architect and Design Modul AR

. Evaluate architecture - Architect and Design hModular '

'ﬁ:jguﬁfm" Wanagement options Create prin_riﬁzed list Components '
Certification Board Determine optimal basedon: 5.Implement & Test -
«Testand Evaluation Master Plan | - aychitecture * Planned modifications | pefine functional and Modular Components ‘s
Integrated Product Team - Insertion of new fuctionality | non-functional YY
* Software Development Plan, | Document functionality Technical refresh requirements

Peafacr:'ﬂante llu'le;i:mnilng PlanIi of architecture * Iechnical relresnes Develop software code

and Continual Techn an . i i i EEm .-

g™ | components Poide sufidont et | 1, ,‘ " N

verification, and Certify "
validation ; v
Publish and Make

available for T/M/S use

Figure 5. Five-step plan for product line re-engineering

Figure 1. The Feature-Based PLE factory configuring PLE shared asset supersets into
product-specific instances according to a product’s bill-of-features

Big Lever
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Challenges, Strategy & Tactics
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Variabllity Space

Solution Space
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Kang, Kyo Chul. “Chapter 2 Variability Modeling.” (2017).
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Framework for identifying Variability

‘ Define Artifact Space

Define Solution-
Domain-Variability

Finalize Acceptance

| Criteria
Develop Functional

| & Logical Arch
Define Problem-

Domain-Variability

Identify Stakeholders
and their needs
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Case Study — Problem Definition

To produce the right set of Variants to offer in the market, which would
optimise engineering, manufacturing, supply management, installation and
usage effectively.

4 Way Extender Module —

4 Way Extender Module o \ /

2 or 4 Way Starter Module

Note : These images are indicative, as we cannot shareimages of real product due to proprietary nature of the project
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Stakeholder Analysis

v" Reduce the number of iterations required

Production during product development life cycles
Vendor Team
(Producing R&D
11 . .
o v'Increase operational efficiency, reduce
Tastaller & Sales costs, and increase revenue from the
e5 ’
Tz e et company’s end
Stakeholders of
Controller
poeivice Logistics v Analyze the variabilities based on the

ratings and dependencies

Customer Cﬂfﬁf}_’i{lg
User W@ o0 v' Shortlist the best possible variants
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Variabllity in Problem Domain

Béphet: g Types of Type of User
Control Interfaces Interfaces

( N

No of Lights to

Control

\Voice
Command,
Touch Panel
Mobile IF

. J

4W, 9W,...50W

. J
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Functional Architecture & exploring Design

LCM
Functions
Switching Switching Taking user Tracking Ensuring
On light Off Light inputs time safety

' Ensuring
Controlling Ensuring _
timing l user safety \ I'ght(?i fze)lfety
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Variabllity in Solution Domain

Light
Connectivity Controller Memory
Card
— Bluetooth —H  4+4+4 — Onboard
(- " Cloud
— 4G ~  12+12
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Tradestudy wrt Acceptance criterias

lHlities
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Tradestudy wrt Acceptance criterias
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Final Stage — Setting up PLE

Architectural
Decision

Architectural
Decision

2-6 July 2024

150% Model 100% Model

Configuration
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Defining Artifact Space

Wifi + BLE + 4G

Var 1 16 Lights

Cloud Connectivity
On Chip ROM

Wifi + BLE

Var 2 16 Lights

Cloud Connectivity
On Chip ROM

Var 3 —

Cloud Connectivity.
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Traceabllity across variability

Operational
Scenarios

Stakeholders

Requirements

Requirements

Requirements

\

Architectural
Decision

Architectural
Decision

Architectural
Decision

Architectural
Decision

Configuration

Configuration

Configuration

Configuration




Extending the Framework in Mission Scenario
Planning

Types of Dro nesf Surveillance

1 Other Category

1 Drone

2 Drones
Numberof Drones S
100 Drones

N—

Multiple Drones

Drones

A single mission scenario could

. Types of ground units
Ground Units

< Number of ground units

have multiple solutions, and is

Temperature
Mission Scenario Humid ity
. . Environment -
n multiple variables Rain
Wind
Ocean

Spatial | Flatland
' Mo untains

Daylight

Temporal l Night
Short

l Durationof Missio n_/—
{ Multiple days
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Moving from Problem Domain - Solution
Domain

Operational Variability Solution Variability
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Moving from Problem Domain - Solution
Domain

Operational Variability Solution Variability
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Learnings

v' Always start with stakeholder interviews

v' Interview them jointly, but also separately. You might be surprised the difference these settings make.
v' Tradespace analysis came out to be a very powerful tool to systematically analyse design choices

v' Traceability helped in keeping of all 150% Needs down till Design

v'  Excel/VBA + PowerBI / Python came out as low cost solution for one time activity, however change

management was-not easy

v' Base line architecture always-helps.
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Questions?

L :ﬁ

Mudit Mittal
MBSE Evangelist | Problem solving through
Systems Engineering | MIT SDM Alum | Stro...

Stueti Gupta
Digital Engineering using MBSE ~ | think
Systems ~ STEM advocate

Mudit@ Blue-Kel.Com Stueti@Blue-Kel.com
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